Abstract Silver nanoparticles (AgNPs) were biologically synthesized using aqueous extract of Agaricus bisporus fungi. Physicochemical analysis of silver nanoparticles revealed that they are of spherical shape ranged size of 8-20 nm, and their zeta potential equal −7.23 mV. Silver nanoparticles showed a dose-dependent cytotoxic effect on MCF-7 breast cancer cells with LD 50 (50 μg/ml). Mice bearing Ehrlich solid tumor treated with AgNPs and exposed to gamma radiation significantly ameliorated superoxide dismutase and catalase activity and reduced glutathione with an increase in malondialdehyde and nitric oxide levels compared to tumor group. Gamma radiation with AgNPs induced apoptotic cell count in Ehrlich solid tumor cells from 68.3 (treated with AgNPs) to 98.1 % (treated with AgNPs with gamma radiation) via a mechanism involved caspase-3. Histological sections of tumor tissue of mice treated with AgNPs showed antiangiogenesis effect of AgNPs. The overall result indicates that AgNPs synergize with gamma radiation, promising a potential combined therapy of cancer.
Introduction
Nanotechnology is the most promising field for generating new applications in medicine. A green chemistry of nanoparticles synthesis via biological methods using either microorganisms or plant extracts have offered a reliable and ecofriendly alternative to chemical and physical methods to improve and/or protect our global environment. Even though the chemical methods involve a very simple procedure, they employ chemical reducing agents, such as citrate, borohydride, or other organic compounds, which are toxic to living organisms and hence render them unsuitable for medical use, whereas ecofriendly biologic synthesis involves formation of AgNPs by means of enzymatic reduction with better control over the shape and size of the nanoparticles. Biological methods, apart from being cost-effective, also provide protein-capped nanoparticles, which are thus very stable, have good dispersity, and do not flocculate (Law et al. 2008 ).
Only few nanoproducts are currently in use for medical purposes. A most prominent nanoproduct is nanosilver. Silver nanoparticles have (AgNPs) been shown various therapeutic effects such as antimicrobial, antifungal, antioxidant, and antiinflammatory effects (Tian et al. 2007 ). Silver NPs have been shown to induce the apoptotic pathway in vitro through free oxygen radical generation also showed antitumor, antiproliferative, and antiangiogenic effect in vitro (Rani et al. 2009; Park et al. 2010; Kalishwaralal et al. 2009 ).
AgNPs have gained increasing interest in the field of nanomedicine due to their unique properties and obvious therapeutic potential in treating a variety of diseases, including retinal neovascularization and acquired immunodeficiency syndrome due to human immunodeficiency virus. AgNPs are also known for their antimicrobial potential against several other viruses, including hepatitis B, respiratory syncytial virus, herpes simplex virus type, and monkey pox virus. AgNPs and ions have been shown to possess intrinsic cytotoxic activity (Sriram et al. 2010) .
Cancer is the most important cause of mortality in the world. Cytotoxic agents used for its treatment are expensive and known to induce several side effects such as anemia and most importantly the generation of cellular resistance. For this, it is important to find alternative therapies or drugs to overcome these drawbacks (Franco-Molina et al. 2010) . Although there is a wide range of cytotoxic agents used in the treatment of cancer, such as doxorubicin, cisplatin, and bleomycin, they have shown drawbacks in their use and are not as efficient as expected. Therefore, it is of great interest to find novel therapeutic agents against cancer (Franco-Molina et al. 2010) .
The aim of our study to determine the antitumor potential effect of biologically synthesized AgNPs in vitro on MCF-7 cell line and in vivo on Ehrlich ascites carcinoma solid tumor.
Materials and methods
Biosynthesis and purification of silver nanoparticles Sixtyeight grams of finely cut mushroom Agaricus bisporus was boiled in deionized distilled water and filtered. The filtrate was cooled to room temperature and used as reducing agent and stabilizer. Fifty milligrams of AgNO 3 were dissolved in 100 ml of the filtrate previously prepared from mushroom. The resulting aqueous solution was filtered through a 0.22 μm Millipore filter before use (Philip 2009 ).
Characterization of silver nanoparticles Accurate determination of the size and concentration of nanoparticles is essential for the biomedical application of nanoparticles.
The zeta potential measurement Measurements were carried out using a the particle size/zeta potential analyzer, Nicomp 380 ZLS Submicron.
UV-Vis absorbance spectroscopy analysis
The bioreduction (of AgNO 3 ) was measured by UV-Vis spectroscopy. The samples used for analysis were diluted with 2 mL deionized water and subsequently measured by the UV-Vis spectrum at regular different time intervals (Rajesh et al. 2010) . The UV-Vis spectrometric readings were recorded at a scanning speed of 200 to 800 nm.
TEM analysis of silver nanoparticles Silver nanoparticles of A. bisporus was sampled by transmission electron microscopy (TEM) analysis. TEM samples were prepared by placing a drop of the suspension of silver nanoparticles solution on carbon-coated copper grids and allowing water to evaporate. The shape and size of nanoparticles were determined from TEM micrographs The software (Advanced Microscopy Techniques, Danvers, MA) for the digital TEM camera was calibrated for size measurements of the nanoparticles. TEM measurements were performed on a JEOL model 1200EX, (Gurunathan et al. 2009 ). Zeta potential of AgNPs was measured using TEM.
Cytotoxicity (MTT assay) Cell survival was assessed using the MTT assay. The 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide dye reduction assay was performed to determine the cytotoxic effect of the AgNPs at various concentrations. The assay depends on the reduction of MTT by mitochondrial dehydrogenase, an enzyme present in the mitochondria of viable cells, to a blue formazan product. The resulting formazan was dissolved, and absorbance of the solution was read at 595 nm, according to Sriram et al. (2010 In vivo toxicological studies A 30-day toxicity study of AgNPs was conducted in female mice, studying the survival and decrease in body weights. Twenty-four female mice were divided into four groups of six animals each. Three groups were given AgNPs of 0.1, 1.0, and 10μgkg −1 by i.p., once daily for 30 days. One group was served as control and was given sterile physiological saline.
Tumor models The antitumor efficacy of AgNPs in vivo was assessed by using Ehrlich ascites tumor model in mice obtained from the National Cancer Institute-Egypt, in ascetic form and was maintained by serial transplantation. Solid tumor was produced by subcutaneous implantation of Ehrlich tumor cells (2x10 6 viable tumor cells) into the right thigh of the lower limb of mice between the thighs subcutaneously. Before inoculation, EAC cells collected from peritoneal cavity were purified from adherent cells, and viable cells were counted by Trypan Blue exclusion test.
Animal and experimental design and tumor transplantation Mature female Swiss albino mice weighing 20±5 g were housed in the animal house of NCRRT at 22°C±2 and fed on standard diet. Animals were quarantined for 3 weeks on a 12/12-h light/dark cycle.
Mice were divided into seven groups, (n=8). Animals were treated as: group 1 (control), received 0.1 ml of sterile saline injected i.p. Group 2 (AgNPs); animals were injected i.p. with 0.1 ml (10 μg/Kg body weight) of prepared AgNPs day after day for 15 days. Group 3 (tumor); animals were injected once with 2x10 6 cells of Ehrlich ascites cells subcutaneously at the thighs. Group 4 (radiation); animals were exposed to fractionated dose of gamma radiation 2 Gy at a time (total dose of 6 Gy). Group 5 (tumor+AgNPs); animals bearing tumor were injected i.p. with AgNPs as group 2, day after day for 15 days. Group 6 (tumor + radiation); animals bearing tumor were exposed to gamma radiation as group 4. Group 7 (tumor + AgNPs + radiation); Animals bearing tumor were injected i.p. with AgNPs as group 2 and exposed to gamma radiation as group 4.
Mice were sacrificed, and blood was collected from the heart in heparenized tubes, tumor tissue was dissected.
Radiation process Mice irradiation was performed through the Canadian gamma cell-40 (
137 Cs) at the National Center for Radiation Research and Technology (NCRRT-Cairo, Egypt). The dose rate was 0.5 Gy/min. Mice whole body was exposed to a total dose of 6 Gy gamma rays as a fractionated dose with 2 Gy at a time.
Biochemical assays Weighted part of Ehrlich ascites solid tumor was homogenized in phosphate buffer saline (10 % w/v) and used for various biochemical analyses. Superoxide dismutase (SOD) and catalase (CAT) activities were determined according to Minami and Yoshikawa (1979) ; Aebi (1984) , respectively. Reduced glutathione was determined according to Beutler et al., (1963) . Malondialdehyde level was assessed as an indication to lipid peroxidation by the use of thiobarbituric acid, according to the method described by Yoshioka et al. (1979) . Nitric oxide was determined according to the method of Miranda et al. (2001) .
Evaluation of apoptosis and cell cycle analysis by flow cytometry Flow cytometric analysis was performed for cell cycle analysis and evaluation of apoptosis. Small intestine ileums were cut into small pieces and fixed in 70 % ethanol in phosphate buffer saline for 1 h on ice, incubated with 50 μg/ml RNase A at 37°C overnight, stained with 50 μg/ml propidium iodide, and subjected to flow cytometric analysis using FACSCalibur. Cells were then analyzed by flow cytometry using a Becton Dickinson® FACStar Plus flow cytometer. Apoptotic cells were identified as a sub-G1 hypodiploid population (Dean and Jett 1974) .
Caspase-3 assay Flow cytometric analysis for caspase-3 evaluation was performed using FITC Rabbit Anti-Active Caspase-3 of BD Pharmingen™ (Dai and Krantz 1999) .
Histology Tumor tissues were stored in 10 % formalin and embedded with paraffin in wax blocks. Thin section of tumor tissue were cut using microtone and stained with hematoxylin and eosin dye solutions, examined under a light microscope.
Statistical analysis Results were expressed as mean ± Standard deviation (n=8). Statistical comparisons were performed by analysis of variance test to determine the level of significance (p<0.05). These analysis were performed using statistical package for the social science version 19 (SPSS Inc., Chicago, IL, USA) software.
Results

Characterization of AgNPs
Size distribution of AgNPs in the aqueous solution was evaluated by TEM images. The size distributions of AgNPs were obtained by measuring nanoparticle diameter in the images (Fig. 1) . The nanoparticles shape observed by TEM were almost of spherical shape and particle sizes ranging from 8-20 nm, with a relatively narrow particle size distribution. The zeta potential of the nanoparticles was around −7.23 mV. UV-Vis spectroscopy showed a strong broad peak, located at about 430 nm for AgNPs.
Cytotoxicity of AgNPs on MCF-7 breast cancer cell line via MTT assay showed that AgNPs were able to reduce viability of the MCF-7 cells in a dose-dependent manner. AgNPs IC 50 on MCF-7 was found to be 50 μg, which decreased the viability of MCF-7 cell to 50 % of the initial count. Further experiments were carried out to show the effect of AgNPs against solid tumor in vivo.
Mice injected with AgNPs were observed daily during the experimental period without exhibiting any abnormalities or any symptoms of toxicity such as fatigue, loss of appetite, change in fur color, or weight loss.
In order to investigate AgNPs and or irradiation on the antioxidant state, SOD, CAT, and glutathione (GSH) were evaluated. Table 1 revealed that AgNPs showed mild oxidative stress activity, while irradiation caused a depression in antioxidant state observed in the measured antioxidant parameters SOD, CAT activities, and GSH level compared to the control. Combined treatment of AgNPs with gamma irradiation showed significant depressed levels of SOD and CAT activities and GSH level compared to the control.
Silver nanoparticles, also gamma radiation, significantly increased the level of measured oxidative stress parameters of nitric oxide (NO) and lipid peroxidation (malondialdehyde, MDA) results represented in (Table 2) .
Cell cycle checkpoint arrest of different treatments showed differences detected by flow cytometry analysis (Table 3) . AgNPs and gamma irradiation increased apoptotic cell count compared to the control or (Eh) tumor group. On the other hand, cell cycle checkpoint was arrested at Go/G 1 with AgNPs treatment; while irradiation caused cell cycle arrest at Go/G 1 and G 2 /M, while combined treatment of AgNPs with gamma radiation revealed 98 % apoptotic cells with disappear of S and G 2 /M phases. Silver nanoparticles induce apoptosis via caspasedependent pathway. It was explored that the possible molecular mechanisms of triggering the apoptosis was identified through the activation of the caspase cascades.
Determination of apoptosis in Ehrlich ascites carcinoma tumor cells was performed using flow cytometry. Percentage of apoptotic cells counted showed that AgNPs and radiation exposure effectively induced cell apoptosis. Most of tumor cell undergo apoptosis after treatment, with AgNPs accompanied with gamma radiation, Figs. 2 and 3.
Subcutaneous implantation of Ehrlich tumor cells resulted in the development of Ehrlich solid tumor showing sheets of small and higher chromatophilic tumor cells of variable shapes, representing cell proliferation surrounding areas of necrosis and differentiated cells (Fig. 4) This picture was significantly improved in mice, given AgNPs or AgNPs with radiation as evidenced by increasing degrees of necrosis progressively increasing apoptosis.
Discussion
There is an increasing interest towards the exploitation of silver nanoparticles technology in the development of bioactive biomaterials because of its distinctive properties, such as good conductivity, chemical stability, catalytic, antibacterial activity, antifungal, antiviral, and antiinflammatory (Mukherjee et al. 2001; Sondi and Branka 2004; Chen and Schluesener 2008) . Silver is a common substance used by the Mexican people for disinfecting foods and water for their consumption. It was documented that silver intake as colloidal silver provided in the water at 10-and 50-fold higher concentrations than recommended by the manufacturer during 1 year did not show any alterations in the evaluated parameters (fertility, birth, and tumors development) (Franco-Molina et al. 2010) .
Silver is one of the most effective antibiotic substances known and has been used to treat human ailments for over100 years due to its natural antibacterial and nontoxic properties. The free silver ion has two distinctive antimicrobial mechanisms. The first involves denaturation of the disulfide bonds of bacterial proteins, which form the essential elements of bacterial structure and become disjointed to the catalytic effect of silver ion. The second involves oxidation, where ionized silver helps to generate reactive oxygen in the air, which in turn attach around the cell, preventing it from reproduction, and cause cell death (Thurman and Gebra 1989; Gurunathan et al. 2009 ).
In this study, AgNPs synthesized were of average size 8-20 nm and zeta potential of −7.23 mV by the biological method using a technique involving electrostatic interaction between positively charged amino group in the extract and negatively charged Ag ions, producing negatively charged AgNPs. This approach is simple, does not use toxic chemicals, and is amenable for large-scale production.
Particle size and zeta potential are important properties, which may influence the biological activity of nanoparticles and has been suggested as a key factor through the interaction with charged surfaces. Nanoparticles with different particle size or zeta potential may have different mechanisms of inhibition (Bihari et al. 2008) .
In this study, AgNPs in vitro conditions exerted dosedependent cytotoxic effect on MCF-7. Tumor cells assessed by MTT assay and LC 50 value were found to be 3.5 ng. The cytotoxic effect of AgNPs on cell viability is the result of active physicochemical interaction of silver atoms with the functional groups of intracellular proteins, as well as with the nitrogen bases and phosphate groups in DNA (Sriram et al. 2010) .
Ehrlich carcinoma is an undifferentiated carcinoma that is originally hyperdiploid and has high transplantable capability, no regression, rapid proliferation, short life span, 100 % malignancy, and also does not have tumor-specific transplantation antigen. Ehrlich carcinoma has a resemblance with human tumors, which are the most sensitive to chemotherapy, due to the fact that it is undifferentiated and has a rapid growth rate (Ozaslan et al. 2011) . Generally, implantation of Ehrlich tumor cells is followed by morphological and metabolic changes such as structural deterioration, decreased number of mitochondria, decreased DNA and RNA synthesis, loss of intracellular purine and pyrimidine nucleotides, nucleosides and bases, a decline of ATP concentration and turnover, decreased protein synthesis, decreased glutathione concentration and increased triglycerides, cholesterol esters, and free fatty acids (Segura et al. 2001) .
In the present study, subcutaneous implantation of Ehrlich tumor cells into the right thigh of the lower limb of mice resulted in a significant decrease in tissue CAT, SOD enzyme activities, and GSH, with a significant increase in MDA and NO levels compared to the normal control group. These results were in agreement with Badr El-Din (2004); Zahran et al. (2008) .
Results in the present study of mice bearing tumor that received AgNPs or gamma radiation or combined treatment of AgNPs and gamma radiation showed a marked decrease in SOD and CAT activities and GSH level accompanied with increase in NO and MDA levels. This could be a result of enzyme degradation due to extreme oxidative damage caused by radiation or Ag (Borek 2004) or to mitochondrial damage, which decrease mitochondrial Mn-SOD activity, leading to decrease in total SOD (Ueda et al. 1996) and depletion of GSH content, which is utilized during detoxification of the free radicals generated by radiation or AgNPs and enhances lipid peroxidation (Jagetia and Reddy 2005; Wambi et al. 2008) . Due to the inhibition of SOD, superoxide anion radicals may be combined with nitric oxide to form peroxynitrite anion, which initiates lipid peroxidation. The decrease in the levels of antioxidant enzymes are in close relationship with the induction of lipid peroxidation. Silver nanoparticles was reported to cause a marked increase in NO and MDA levels (Park et al. 2010) .
The antitumor activity of nanoparticles and silver is suggested to induce their toxicity through oxidative stress and inflammation by generating reactive oxygen species (ROS) involved in a variety of different cellular processes ranging from apoptosis and necrosis to cell proliferation and carcinogenesis (Sarkar et al. 1998) . Intracellular reduced GSH scavenge ROS generated in cells to be oxidized to glutathione disulphide (GSSG). AgNO3 penetrated the cell membrane and reacted with GSH, depleted its contents mostly due to oxidation of reduced GSH to GSSG 2 GSHGSSG+2H+or likely that Ag 2+ after penetration formed a silver-glutathione complex (Khan et al. 2011) .
The production of high levels of ROS molecules and hydrogen peroxide (H 2 O 2 ) lead to cell death (Kim et al. 2007 (Mazurek et al. 1992) . The increased sensitivity of tumor cells to killing by H 2 O 2 provides the specificity and "therapeutic window" for the antitumor therapy (Frei and Lawson 2008) .
It is commonly accepted that SOD protects against free radical injury by converting O 2− radical to H 2 O 2 , which can be removed by CAT and prevent the formation of OH
• radical.
Due to the inhibition of SOD, superoxide anion radicals may be combined with nitric oxide to form peroxynitrite anion, which initiates lipid peroxidation. The decrease in the levels of antioxidant enzymes are in close relationship with the induction of lipid peroxidation. These results are in accordance with many studies, which reported that the inhibition of antioxidant systems in blood and tissues of mice and rats was accompanied by an increase in lipid peroxide products after irradiation exposure (Zhao et al. 2007 ). Also, Borek (2004) mentioned that when the oxidative damage is extreme as a result of irradiation, ROS scavenging enzymes such as SOD and CAT are degraded. Ueda et al. (1996) postulated that the decrease in SOD level could be due to mitochondria damage and decrease of mitochondria Mn-SOD activity, which leads to a decrease in total SOD in different tissues of rats exposed to radiation.
Results of this study clarified that AgNPs induced cell cycle arrest at G1, while a combined treatment of AgNPs with irradiation induced marked cell cycle arrest at S, G 2 /M phases. AgNPs significantly increase ROS and DNA breakage with high levels of apoptosis and necrosis. Silver nanoparticles are capable of adsorbing cytosolic proteins on their surface that may influence the function of intracellular factors. Moreover, downregulation of genes necessary for cell cycle progression (cyclin B and cyclin E) and DNA damage response/repair, modulate gene expression and protein functions, leading to defective DNA repair, and cell proliferation arrest (Oberdörster et al. 2005; Gopinath et al. 2008; Rani et al. 2012) .
In the present study, histopathological findings accompanied with cell cycle analysis results showed that AgNPs showed antiangiogensis effect by decreasing blood vessels with increase in apoptotic cells. Gamma radiation showed synergistic effect with AgNOs revealing marked increase in apoptotic cells. AgNPs may induce apoptosis via oxidative stress (Arora et al. 2008; Gopinath et al. 2008) , since many studies have implicated intracellular ROS in the signal transduction pathways leading to apoptosis (Ott et al. 2007; Ueda et al. 2002) . Antiangiogenic effect of AgNPs could be due to its direct inhibitory effect on epithelial cells viability during vascular endothelial growth factor induced angiogenesis in endothelial cells. Thereby, inhibiting the development of angiogenic disorders (Gurunathan et al. 2009 ). AgNPs may block the proliferation and migration of BREC, which are essential for generation of new blood vessels from existing vessels or de novo angiogenesis in endothelial cells ).
In order to clarify the mechanism by which AgNPs exert cytotoxic effect in tumor cells, a caspase-3 analysis by flow cytometry was performed. In the present study, induction of apoptosis by AgNPs with or without gamma radiation in Ehrlich ascites tumor cells was mediated with significant induction of caspase-3, which mediates apoptosis. Detection of caspases provides early biochemical detection of apoptosis (Ha et al. 1998) .
Thus, the result of this study demonstrated that aqueous dispersions of silver nanoparticles exhibit antitumor properties in vitro and in vivo. In conclusion, AgNPs might be a potential alternative agent for cancer treatment and a sensitizing agent for radiotherapy. However, more studies are needed to elucidate the mechanism of AgNPs action for the treatment of cancer and other illness, with lower cost and effectiveness.
